The food industry is becoming more specialized and processing methods are continuously being developed to meet consumer needs. Consumers demand products that are safe and preferably free of synthetic additives. These additives are associated with health effects, in most cases without reasonable justification. Consequently, consumers are looking for clearly labelled products that guarantee the absence of synthetic additives. This has led to the need to search for natural additives, which the food industry claims arenatural antioxidant preservatives. The sources of natural antioxidants can be extremely varied, because practically all plants contain antioxidants that allow them to protect themselves from solar radiation and pests, as well as to regulate the production of chemical energy. However, the best alternatives for the food industry are fruits and spices, because they are already foods themselves. This article will describe fruits and spices considered as important sources of phenolic antioxidants. The main medicinal properties are related to phenolic compounds and their uses as additives, depending on their chemical structure. 
antioxidants are used are meats, oils, fried foods, seasonings, and dairy products, baked goods and extruded snacks (Baines and Seal, 2012) .
PRESERVATIVES
All food raw materials have biochemical processes and are susceptible to attack by microorganisms, which modify their sensory properties and can produce toxic substances. Fats, oils, flavoring substances, vitamins and colors spontaneously oxidize when exposed to air, and the antioxidants protect against this oxidation (Amorati et al., 2013) . There are a number of the factors that contribute to food oxidation, including the presence of oxygen, transition metals, moisture, heat and light. Oxygen and transition metals should be removed or sequestered to prevent, minimize or slow down the oxidation rate of food. Antioxidants are compounds that inhibit or retard the oxidative process, reducing changes in the taste, color and nutritive value of food (Shahidi and Zhong, 2010) . The natural antioxidants used in food are ascorbic acid, carotenoids, phenolic compounds and tocopherols (Choe and Min, 2009 ).
ANTIOXIDANTS
The term antioxidant is associated with the effect of an antioxidant on a specific medium dependent of factors such as chemical reactivity, location at cellular level, concentration, mobility, interactions with free radicals, absorption, distribution, metabolism and excretion. Antioxidants are classified according to their mode of action, source or solubility (Gutteridge and Halliwell, 1994; Vertuani et al., 2004) . According to their mode of action, antioxidants are grouped into five types: radical scavenging antioxidants or antioxidants that break the chain of radical propagation; chelators, which form complexes with metals and prevent them from initiating the formation of radicals; extinguishers, which deactivate high-energy oxidant species; oxygen scavengers, which remove oxygen from the systems, preventing their destabilization; and finally, regenerators of antioxidants, which reconstitute other antioxidants present in the food when they become radicals.
The deterioration rate of a food can be influenced by the presence of endogenous antioxidants, the presence of oxygen and toxic substances susceptible to oxidation, temperature, pH and light. Oxidation can be avoided or retarded by various media, for example by replacing air with inert gases during packaging, using enzymes that consume the oxygen present in the medium, incorporating UV radiation-absorbing substances into packaging and using cooling systems. These media are sometimes not sufficient to prolong the shelf life of some foods. For this reason, the use of exogenous antioxidants in food has become essential to retard oxidative deterioration and prolong its useful life. Antioxidants have specific properties and are more effective in some applications than others (Saltmarsh, 2013) . A combination of two or more antioxidants is more effective than individual use, thus favoring the synergistic effects that enhance the activity of antioxidants. The use of antioxidant extracts can be very effective in food preservation.
Natural antioxidants have beneficial effects against neurodegenerative diseases induced by oxidative stress. Phenolic compounds are the most important group of natural antioxidant compounds, because they have strong antioxidant activity and important beneficial effects on human health. Among the most important effects are anticancer and antidiabetic activities. These compounds also help prevent cardiovascular, brain diseases and regulate the immune system (Carocho and Ferreira, 2013) .
Below is a description of the natural sources of antioxidants that are used or are potential additive antioxidants.
ANTIOXIDANTS FROM BERRY FRUITS
Blueberries, strawberries, blackberries and others are characterized by high anthocyanin concentrations, a subgroup of phenolic compounds. Anthocyanins are water-soluble natural pigments with strong antioxidant activity used to inhibit lipid oxidation in food. Anthocyanins play an important role in the prevention and treatment of cardiovascular, neurodegenerative and cancer diseases (de Pascual-Teresa, 2014; Zafra-Stone et al., 2007) . Tremblay et al. (2013) fed rats on a diet rich in cranberry fruits for 7 or 2 weeks and the results revealed reduced damage of light-induced injury to the retina. The blackcurrants are rich in anthocyanin and are used for treating diseases in Asia and Europe.
Santos-Sánchez, N. F., Salas-Coronado, R., Valadez-Blanco, R., Hernández-Carlos, B., . Natural antioxidant extracts as food preservatives. Acta Sci. Pol. Technol. Aliment., 16(4), 361-370. http://dx.doi.org/10.17306/J. AFS.2017.0530 www.food.actapol.net/ Bishayee et al. (2010) demonstrated that cyanidin--3-O-rutinoside ( Fig. 1) , an anthocyanin present in the extract of black gooseberry, could inhibit the growth of liver cancer HepG2 cells.
ROSEMARY
Rosemary (Rosmarinus officinalis L.) is a shrub very popular in Europe, because it is used as a herb for its pleasant flavor and aroma. This aroma is due to the presence of essential oils that represent between 1 and 3% of the total mass of leaves and flowers. The oil consists mainly of 1,8-cineol, α-pinene and camphor. Rosemary has antioxidant activity due to the phenolic compounds found mainly in flowers. Among the phenolic compounds found in rosemary are carnosol, carnosic acid and rosmarinic acid. The rosemary extract has been approved as a food additive for use in the European Union since 2008 and is formally labeled "Extracts of Rosemary E392". The European Union Regulatory Commission no. 231/2012 notes that carnosol and carnosic acid (Fig. 2) are the reference antioxidant compounds in rosemary extracts and the sum of these should not be less than 90% of the total phenolic diterpenes in the extract (de Raadt et al., 2015) . Rosemary extracts also contain flavonoids with structures of luteolin and apigenin. Rosemary extracts are used as an additive to preserve meat, fish and oils (de Raadt et al., 2015) .
A study of rosemary extract supplementation at carnoside acid and carnosol concentrations of 200 and 400 mg·kg -1 were also carried out on lambs during the fattening stage (Ortuño et al., 2014) . The results of this study showed that the half-life of the meat obtained from the lambs was prolonged.
A study carried out by Jordán et al. (2014) showed that the presence of carnosol in rosemary extracts is important for improving the oxidative stability of carnosic acid during the processing of sheep's tissue, enhancing the antioxidant activity of the rosemary extract. This shows that combining phenolic compounds with a similar chemical structure produces a synergistic effect in terms of their antioxidant activity. Jensen et al. (2011) evaluated the sensory properties of rosemary extracts in the preparation of bread, and their results showed that the extract did not induce changes in the flavour and aroma of the product.
TURMERIC
Turmeric (Curcuma longa) is a plant with very branched rhizomes adapted to warm humid areas. The rhizomes of the plant are yellow and are used as a yellow dye and as a spice. Its spicy taste and golden color improves the quality of the food. Turmeric is also the main ingredient in curry powders, and has been used to accentuate the flavor of pepper. India is one of the largest producers of turmeric.
Turmeric is considered safe in amounts that are commonly used in food. The FDA declared this food a GRAS, which means that it is generally recognized as safe to use as a food additive. It is a versatile spice that helps detoxify the liver, balance cholesterol levels, fight allergies, stimulate digestion and increased immunity (Chainani, 2003) . This plant contains the phenolic compound curcumin (diferuloylmethane). Curcumin has antioxidant, anticancer, antidiabetic, antiproliferative and antiangiogenic activity (Strimpakos and Sharma, 2008) . The other two phenolic . Curcumin provides turmeric with its yellow color and is now recognized as the compound responsible for most of its therapeutic effects. It is estimated that 2-5% of turmeric is curcumin. Curcuminoids decrease lipid peroxidation through conserving the activity of the antioxidant enzymes superoxide dismutase, catalase and glutathione peroxidase at high levels. The antioxidant properties of turmeric extracts are mainly due to diacetylcurcumin, demethoxycurcumin and bisdemethoxycurcumin (Faizal et al., 2009) .
Curcumin has anticancer activity due to its effect on a variety of biological pathways involved in the mutagenesis, oncogene expression, cell cycle regulation, apoptosis, tumorigenesis, and metastasis (Wilken et al., 2011) . Curcumin has an antiproliferative effect on various cancers and is an inhibitor of the NF-B transcription factor.
Turmeric powder (Curcuma longa) was used in a fried rice snack, yukwa, at different concentrations. The textural properties of yukwa were not changed until the turmeric powder content reached 5%; however, an addition of over 8% induced a decrease in hardness and an increase in crispiness. Based on the sensory characteristics, a 5% addition of turmeric powder was the most acceptable for the yukwa product (Seugn-Taik and Han, 2016).
SAFFRON
Saffron (Crocus sativus L.) originates from Asia Minor and Iran, and is used as a spice in bakery products and beverages at concentrations of 260 μg•mL -1 due to its taste and color (Selim et al., 2000) . Several studies have demonstrated the pharmacological effects of saffron, including antioxidant, anti-tumor, anti-inflammatory and auxiliary activity in the treatment of liver disorders (Amin et al., 2011; Sanchez-Vioque et al., 2012) . These properties have been attributed to the stigmas, the only commercially valuable part of the plant. The pyrogallol and gallic acid, phenolic compounds were isolated from saffron stigma (Fig. 4) . The saffron stigma is a source of phenolic antioxidants, 654 ±2 mg Gallic Acid Equivalent (GAE)×(100 g dry weight)
-1 , which could improve food quality (Karimi et al., 2010) .
Saffron is used as additive in traditional fish and seafood dishes in Italy, France, Germany and Spain (Winterhalter and Straubinger, 2000) . Sensory studies revealed the presence of 25 aroma-active compounds, and among these compounds is saffranal with a high flavor dilution factor (Winterhalter and Straubinger, 2000) .
GINGER
Ginger (Zingiber officinale Rosc.) belongs to the Zingiberaceae family and is native to South-East Asia. Ginger is used in many countries as a spice and condiment to give a pungent taste to food (Park and Pizzuto, 2002) . Ginger rhizome has also been used in traditional medicine, because of its diversity in terms of phytochemicals (Shukla and Singh, 2007) . Jolad et al. (2004) grouped the phytochemicals of fresh ginger into volatiles and non-volatiles. Volatile compounds include sesquiterpenes and monoterpenoid hydrocarbons, which produce the aroma and flavor characteristics of ginger. Non-volatile compounds include -1 . Ginger and its phenolic compounds are dual inhibitors of arachidonic acid metabolism. This means that phenolic compounds inhibit both cyclooxygenase and lipoxygenase, enzymes involved in the biosynthetic pathway of prostaglandin and leukotriene (Moghaddasi and Kashani, 2012). Müller et al. (2006) showed that ginger is more effective than indomethacin in reducing pain associated with inflammation and oxidative stress. In addition, ginger may decrease muscle pain caused by strenuous exercise (Black et al., 2010) .
Recently, Simon-Brown et al. (2016) developed a method of microencapsulation for ginger extracts using spray-drying technology. This allowed significant quantities of phenolic compounds to be retained in powders. Phenolic compounds in microencapsulated ginger can be incorporated quickly into products such as tea and bread.
On the other hand, Kisnk and Elsheshetawy (2013) used ginger powder as an additive in mayonnaise and the sensory attributes enhanced as a function of the ginger at concentrations of 1.0 and 1.25%.
CHILLI
Chilli is one of the spices most consumed in the world and usually is used as a food additive (Bown, 2001 ). This fruit is part of the traditional medicine of India, Mexico and China, and is used for the treatment of arthritis, rheumatism and upset stomach (Van Wyk and Wink, 2004) . These applications are related to capsaicinoids, phenolic compounds representative of the Capsicum genus (Zimmer et al., 2012) , as well as to flavonoids and phenylpropanoids (Materska, 2014) . The capsaicinoids are N-vanillylamides derived from fatty acids with 9-11 carbons, and the compounds most abundant are capsaicin (8-methylnontrans-6-enoic acid vanillylamide) and dihydrocapsaicin (8-methylnonanoic acid vanillylamide), as shown in Figure 6 . The sum of both compounds occurs in the chilli fruit in quantities greater than 80% with respect to the total capsaicins (Topuz and Özdemir, 2007) . The capsaicinoid concentration varies significantly from cultivar to cultivar. Wahyuni et al. (2011) (2007) evaluated the antioxidant activity of the methanol extract of the hot pepper fruit (C. annuum L. var. acuminatum) at three stages of maturation (small green, green and red), the free radicalscavenging activity was measured using 2,2-diphenyl--1-picrylhydrazyl radical (DPPH • ) assay, bovine brain peroxidation assay and β-carotene bleaching test. The variation in lipophilic and phenol compounds shown in the three stages of maturation of the fruits of C. annuum generated differences in antioxidant activity. The green pepper extracts showed significant activity to avoid lipid peroxidation, with the subsequent inhibiting the formation of malondialdehyde (MDA), while the small green pepper showed greater free radicalscavenging activity.
On the other hand, it should be noted that in addition to the capsaicins, phenylpropanoids and flavonoids have also been identified in chilli fruit. Materska (2014) carried out a study to identify phenolic compounds in the fruits of sweet (Red Knight, Shanghai and Socrates varieties) and semi-spicy (Capel Hot variety) chillis. The flavonoids identified in these cultivars were glycosides of flavonoids derived from quercetin, luteolin, and apigenin.
The chilli has been used to prevent degradative processes of oils and fruits; for example, Martínez-Tomé et al. (2001) showed C. annuum extracts are capable of inducing significant oxidative stability in refined olive oil tested using the Rancimat method. On the other hand, Ponce et al. (2008) used a chitosan coating enriched with chilli oleoresin for the antioxidant protection of minimally processed butternut squash, inducing the prevention of browning reactions.
GREEN TEA
The antioxidant properties of green tea are due to the presence ( Fig. 7 ; Higdon and Frei, 2003; Zandi and Gordon, 1999) of catechin, epicatechin (EC), epicatechin gallate (ECG), epigallocatechin (EGC), epigallocatechin gallate (EGCG). Green tea catechins have free radical scavenging and metal chelating activities. Therefore, green tea extracts are used as natural antioxidant additives in food (Manzocco et al., 1998) .
The tea catechins have been used in the conservation of beef, pork and poultry meat (McCarthy et al., 2001 , Tang et al., 2001 Mitsumoto et al., 2005; Nissen et al., Fig. 6 . Chemical structure of capsaicin and dihydrocapsaicin from genus Capsicum Fig. 7 . Chemical estructure of catechins from tea leaves . Natural antioxidant extracts as food preservatives. Acta Sci. Pol. Technol. Aliment., 16(4), 361-370. http://dx.doi.org/10.17306/J. AFS.2017.0530 www.food.actapol.net/ 2004). On the other hand, Jamwal et al. (2015) evaluated the effect of green tea extract on the quality parameters of chicken patty storage. Green tea extract was added at concentrations of 400 mg•kg -1 to the products and the chicken patties were re-packaged under conditions of refrigeration (4 ±1°C) for 21 days. The results of this study show green tea extract reduced almost all the parameters of oxidation evaluated in the study. Jongberg et al. (2013) showed that green tea extract reduces oxidation of lipids and the level of formation of carbonyls in bologna-type sausage made with pork meat, prepared under oxidative stress; however, the loss of thiol and protein crosslink (indicators of proteins oxidation) did not diminish. Ahmad et al. (2015) added green tea extract at different levels (1, 2 and 4%) to wheat flour to make cookies. Sensory analysis revealed that the addition of 4% green tea extract to wheat flour increased the acceptability of color, aroma and taste. In another study, Najgebauer-Lejko (2014) evaluated the effect of green tea as an additive in probiotic milks (bioyogurts). The results of this study show green tea could be successfully used as an additive for probiotic milks, enhancing their health benefits without significant differences between the sensory notes received for bioyogurts.
SOY
Soy (Glycine max) is cultivated from its seeds, and oil and flour rich in protein is obtained from this product. Soybeans also contain isoflavones (Fig. 8) , phenolic compounds that have antioxidant activity and can prevent ovarian, cervical, and breast cancers. Lee et al. (2014) observed that the intake of soy foods in patients with ovarian cancer was lower (75.3 ±53.6 g•day -1 ) than the control group (110.7 ±88.8 g•day -1 ). The protective effect of soybean and isoflavones is supported by experimental evidence. Ovarian cancer is an estrogen-dependent cancer. Isoflavones induce apoptosis and inhibit the growth and proliferation of ovarian cancer cells (Chen and Anderson, 2001 ). These compounds are structurally related to the endogenous estrogen and stimulate the production of sex hormone binding in the liver, which in turn causes levels of bioavailable estrogen to decrease (Adlercreutz et al., 1987) . Another acceptable mechanism is inhibition of ovarian aromatase activity, an enzyme that converts androgens into estrogens, as was shown by an in vitro study (Pelissero et al., 1996) . Polar extracts of soybeans rich in isoflavones can be used as a food additive for women.
SARSAPARILLA
Sarsaparilla is a group of approximately 350 species of the genus Smilax (Smilacaceae) and is characteristic for being climbing shrubs with a long and thin thorny trunk. The roots of these plants have been used to prepare a beverage, sarsaparilla, which has antioxidant properties. These properties are attributed to phenolic compounds, including flavonoids and phenylpropanoid glycosides with a sucrose base fragment. SalasCoronado et al. (2017) analyzed the nature of the phenols and their properties in a group of Smilax species. The sarsaparilla root is a rich source of phenolic compounds and, according the FDA, is considered a food material generally recognized as safe (GRAS). Therefore, root extracts of sarsaparilla can be used as an antioxidant additive for food.
CONCLUSIONS
The use of natural additives is steadily increasing because consumers associate synthetic additives with diseases. Antioxidant additives are used because they prolong the life of a food, and it is becoming more common to use extracts of plants rich in phenolic compounds. However, before using them it is very important to know their chemical composition and the biological Fig. 8 . Chemical estructure of isoflavones from soybeans Santos-Sánchez, N. F., Salas-Coronado, R., Valadez-Blanco, R., Hernández-Carlos, B., . Natural antioxidant extracts as food preservatives. Acta Sci. Pol. Technol. Aliment., 16(4), 361-370. http://dx.doi.org/10.17306/J. AFS.2017.0530 properties of these extracts. Phenolic compounds, in addition to presenting antioxidant activity, have been associated with properties such as anticancer, antidiabetic, antimicrobial, etc. Antioxidant extracts are associated with products aimed at groups of consumers that are seeking to preserve or improve their health.
